tetrahedra is compared with the different arrays in the oxide pnictides α-PrOZnP, and in β -PrOZnP. Arsenic lone pair energy bands, main interactions, and the spatial distribution were identified precisely using density functional theory (DFT). Among the three crystallographically different sites for praseodymium, one was found non-magnetic in these calculations.
Introduction
Rare-earth metal(III) oxide pnictides REOTPn (RE = rare-earth element; T = late transition-metal; Pn = P, As, Sb) with the tetragonal ZrCuSiAs-type structure have attracted tremendous interest in the last two years due to their interesting magnetic, optical, and superconducting properties. Overviews are given in recent review articles [1 -7] . Besides ceramic synthesis techniques starting from the rare-earth metal monopnictides and the transition metal oxides, various flux techniques, i. e. iron arsenide self-flux, tin flux, or halide flux mixtures, have been used for the growth of single crystals [2] .
During our systematic studies of magnetic and optical properties of REOTPn materials [8 -12] we repeatedly used NaCl/KCl fluxes for sample preparation. During synthesis attempts for PrORuAs [13] samples we obtained a by-product in the form of green 0932-0776 / 10 / 0500-0549 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com transparent crystals. The structure determination reported herein has revealed that our by-product was Pr 5 [14] .
Experimental Section

Synthesis
The title compound was first obtained as a by-product during synthesis attempts for PrORuAs for physical property measurements. Pr 5 O 4 Cl[AsO 3 ] 2 was then prepared by solid-state reaction from a mixture of re-sublimed arsenic (Sigma-Aldrich, > 99.999 %), praseodymium oxide Pr 6 O 11 (Chempur, Pr 6 O 11 , > 96 %) and a dried equimolar salt flux NaCl (Merck, > 99.5 %) / KCl (Chempur, > 99.9 %) with a 2:1:6 molar ratio. The mixture was put in an alumina tube, which was sealed under vacuum in a secondary silica tube. To ensure a total reactivity of the arsenic and to avoid its sublimation, the tube was heated at 500 • C for 24 h and at 600 • C Fig. 1 
EDX data
Semiquantitative EDX analyses of many crystals including the one investigated on the diffractometer (Fig. 1) were carried out with a Leica 420i scanning electron microscope with PrF 3 , GaP, and KCl as standards. The experimentally observed compositions were close to the composition obtained from the single-crystal refinement. On the surface of the crystals, some traces of sodium, potassium, and aluminum compounds which are due to the considerable reactivity of the alumina tube with the NaCl/KCl salt flux were observed.
X-Ray diffraction
At each reaction stage, the polycrystalline sample was characterized by a Guinier pattern (imaging plate detector, Fujifilm BAS-1800) with CuKα 1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. This allowed us to identify at least two phases. The major phase corresponds to the praseodymium sesquioxide (A-type), and the minor phases correspond to the title compound and PbFCltype PrOCl. Both crystal types could be easily distinguished by their shape (Fig. 1) .
A crystal suitable for single-crystal X-ray diffraction was selected on the basis of the size and the sharpness of its diffraction spots as obtained by Laue photographs on a Buerger camera (using 'white' Mo radiation). The data col- (5) 88 (15) lection was then carried out on a Stoe IPDS II diffractometer using MoK α radiation. Data processing and all refinements were performed with the JANA2006 program package [15] . A Gaussian-type absorption correction was applied, and the shape was determined with the video microscope of the Stoe CCD. Details about the data collection are summarized in Table 1 .
Structure refinement
The extinction conditions observed for Pr 5 O 4 Cl[AsO 3 ] 2 were compatible with space group C2/m. The heavy-atom positions were found using the superflip program integrated in JANA2006 [15, 16] . The use of difference Fourier syntheses allowed us to localize the oxygen atom positions. With anisotropic displacement parameters for all positions, the residual factors converged to the values listed in Ta [14] . In the final cycles, the Pr 5 O 4 Cl[AsO 3 ] 2 structure was refined with the same setting. The refined atomic positions and anisotropic displacement parameters (ADPs) are given in Tables 2 and 3 . Interatomic distances and bond valence sums [17] are listed in Table 4 Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-421438.
Computational details
Electronic structure calculations were achieved within density functional theory (DFT) and the all-electron, full-potential augmented plane wave plus local orbitals method (APW+lo) [18, 19] , as implemented in the WIEN2K code [20] . The generalized gradient approximation (GGA) by Perdew, Burke and Ernzerhof [21] was used for the exchange-correlation energy. To account for the localized character of Pr-4f orbitals, a Hubbard U correction term was added according to the self-interaction corrected scheme (SIC) by Anisimov et al. [22] , with parameters U = 0.5 Ryd and J = 0.05 Ryd. The plane-wave cutoff was set to R MT × K max = 7, and a 24-points mesh was used to sample the irreducible wedge of the the Brillouin zone. Atomic sphere radii were set to 2.3 au, 2.5 au, 1.63 au and 1.65 au for Pr, Cl, As and O, respectively. The partition of the electron density was Fig. 2 [14] . Due to the lanthanide contraction we observe slightly larger lattice parameters for the praseodymium compound. The striking structural mo- Fig. 3 corresponding interatomic distances and bond valence sums [17, 24] are listed in [14] . lence bands exhibit a much more hybridized character. The As-4s band is found around 9 eV below the Fermi level (E F ), strongly mixed with oxygen despite the rather low energy. The main valence band stack is divided into three blocks: i) O-2p states mixed with As4p states lie within a 2 eV-wide energy range, around −4.5 eV, ii) the main body of the valence band, between −3.5 and −0.5 eV, has both Cl-3p, O-2p and Pr-4f character, and iii) a set of two very narrow bands between −0.5 eV and E F , with Cl, As and O character.
Chemical bonding analyses
As shown in Fig. 5 , the As states are found apart of the valence band main body. The 4s character is naturally the main contribution to the band at −9 eV, but is also participating significantly in states close to the Fermi level. Thus, as seen in Fig. 5 , the two narrow energy bands immediately below E F correspond to a perfect hybridization of As-4s and -4p orbitals, i. e. a 4sp hybrid-orbital identified here as the As "lone pair". However, although the 4sp hybrid orbital contribution is unambiguously identified in these two bands below E F , the partial DOS for O-2p (in both bands) and Cl-3p states (in the upper occupied band) is also significant; therefore, the 4sp lone pair is, in fact, strongly interacting with O-2p and Cl-3p orbitals.
As an illustration, Fig. 6 shows the calculated electron density in the ac plane (y = 0) for the two narrow bands below E F . The signature of As-4sp, Cl-3p and O2p orbitals is clearly visible, with comparable magnitudes, and shows clear antibonding 4sp-2p versus nonbonding 4sp-3p interactions. For the same bands, the electron density in the plane perpendicular to the ac plane, and passing through As atoms (y = 0 and y = 1 /2), shows an antiparallel, non-bonding arrangement of As-4sp hybrid orbitals (Fig. 7) . The plots of total electron density in the ac plane (y = 0) (Fig. 6 ) emphasizes the pronounced covalency of the As-O bonds. Pr-O interactions appear as slightly bonding, whereas the Cl atoms form very ionic bonds with both Pr and As atoms, as expected.
According to Bader's "Atoms in Molecules" theory [23] , the atomic net charges are calculated by integration of the electron density in atomic basins, after identification of zero-flux surfaces of the density. This non-ambiguous partition procedure nonetheless leads to non-integral charges; the departure from formal charges roughly corresponds with the covalent character of the chemical bonding. Here, we found net charges of +2.1, +1.7, −0.8 and −1.3 |q e | for Pr, As, Cl and O, respectively. These charges are to be compared, for example, with those found for Li 3 By adding the contribution of interstitial space, the Pr1 and Pr2 magnetic moments are expected to lie close to 3 µ B . However, the striking fact that Pr3 is found non-magnetic remains an open issue; from the chemical bonding viewpoint, we did not find any specific features for the Pr3 site in this study. However, such behavior has been observed for NdCo 2 P 2 [26] , where every other neodymium layer shows no magnetic ordering.
